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This invention relates to bonding diamond or cubic 
boron nitride (CBN) to metal substrates, and also to improved 
products such as semiconductor device heat sinks and industrial 
grinding and cutting tools in which diamond or CBN is bonded 
to a metal supporting structure. 

Because diamond is the non-metal with the highest 
thermal conductivity over a uiable range of temperatures, 
diamond has been used as a substrate to heat sink microwave 
and other semiconductor power devices. CBN also has a high 

10 thermal conductivity approximating that of diamond :^nd could also 

ne used in such applications. Diamond and CBN particles 
are also employed as grinding wheel abrading elements and are 
subject to high temperatures under working conditions. 
Similarly, bonded polycrystalline compacts of diamond or CBN 
are used as cutting tool blanks and inserts which are exposed 
to high temperatures in use. Such compacts are disclosed 
e.g., in U,S. Patents 3,136,615 - Bovenkerk et al, issued 
June 9, 1964; 3,233,988 - Wentorf, Jr. et al, issued 
February 8, 1966; 3,743,489 - Wentorf, Jr. et al, issued 

20 July 3, 1973 and 3,745,623 - Wentorf , Jr. et al, issued 

July 17, 1973. In order to more successfully use diamond and 
CBN as heat sinks or to extract the heat from diamond or 
CBN abrading or cutting elements, it is desirable to have a 
strong, high thermal conductivity bond between the diamond 
or CBN and a metal substrate or supporting structure. 

Although silver is known to have the highest thermal 
conductivity of the metals, a difficulty with pure silver used 
as a brazing material is that it does not adhere well to 
diamond. The more commonly used "silver solders" or "silver 

30 brazing alloys" actually are alloy compositions with 

considerable 1ms than 100 percent silver which do not have 
the desired combination of properties. The prior art relating 
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to bonding diamond to metal bases also refers to depositing 
very thin layers of platinum or cobalt on diamond as preparation 
for further steps, and broadly refers to silver coatings, but 
the deficiency of all of these is that either the the rani 
conductivity or the tensile strength of the bond to diamond 
is low. 

In accordance with the invention, a ailver- 
manganese-zirconium brazing alloy used in an oxygen-free and 
nitrogen-free environment has been found to make strong, high 
thermal conductivity bonds between diamond or CBS and a moly- 
bdenum or tungsten support member. In the silvar-base alloy, 
the active metal additives manganese and zirconium form 
carbides with diamond and form bordies and nitride, with CBN 
to obtain a chemical attachment at the diamond or CBN alloy 
interface. Molybdenum and tungsten both match the thermal 
expansion co-efficient of diamond and CBN so that there is no 
cracking as the bond cools to room temperature, although other 
metals such as chromium, iridium, niobium, platinum, rhenium 
and tantalum with similar low expansion coefficient* can also 
be used. Manganese is added in the range of 0.1 to 15 atom 
percent, and zirconium in the range of 0.1 to 5 atom percent, 
although a high percentage of silver is preferred to product 
a high thermal conductivity bond. In one process for 
fabricating such bonds, a diamond or CBN body ia dipped into 
liquid silver-baae alloy heated above its melting temperature 
(about 1000 -C) and kept under an oxygen-free and nitrogen-free 
gaaeoua atmosphere, and removed and cooled to room temperature. 
The metal support member and coated diamond or CBN body are 
then clamped together and redipped in the silver-base alloy 
and subsequently cooled. Excessive solidified alloy i- removed 
from surface areas of the bonded assembly as required. 

Typical improved diamond and CBN products with a 
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.trong, hi* thecal conductivity bond b.tw..« th. di~„d or CBH and . j 
•lybd*..-. tung.ton or oth.r .upport includ. . c.-icondootor devlc. | 

h..t -inX and a dia-ond grinding Ml. Oth.r indu.tri.1 product., for 

. co^*ct cutting tool for ..chining op.r.tion. and a dl-wnd co-p.ct .it. 
drawing <U.- -V P«-««" in «U- of it. lower «... -lybd.„u. i. ) 

pr.f.rr.d a. the ..tal .upport — «. Th. .il~r-ba.. alloy bonding lay. r i 
.coordin, to on. edition that giv. r..ul«, oon.l.t. ..s.nti.lly of | 

94 ate. parent .ilvr, l .to. p.rc.«t «n 9 — . -1 3 .to. p.rc.„t 
tirooniua. 

m .ccordanc. with . broad a.pact of th. invention th.r. 1. provid.d . 
proc. for fabricating high fn.il. -trangth and high thar^ly coWtiv. 
.Uoy bond. batw-n . body ..l.cfd fro. th. group con.l.ting of di«nd and 
CBN and a »wtal -PPcrt «»pri.in, th. .UP. of providing . body ..l.c*d 

fro. th. croup co*>ri..d of dla«nd and CBH and a ~tal .«PPort having a 

^ffici.nt of th.r~l .xpan.lon .ub.tantially matching th. oo.ffioi.nt of 
th—l ~p«.ion of th. body and b.ing ~da of . ~tal ~l*cf* *. *~ 

oon.i.ti»g of ~lybd.au.. tungatan. chrc-lur, iridiu.. niobiu.. pl.ti»«, 
rh-niu. and tantalum, and bonding tog.th.r th. body and -tal .upport —b« 
* . oxy«.n-fre. and nltrog.n-fre. atmoaph.r. with a .U- ba~ bracing alloy 
oonal.ting — tUUT ^ -to. P .r«nt of 0.1 to 15 parent 0.1 to 

5 parent lirooniu*. and th. balanco .Uvr, and cooling to roo. ta«*.r.tur.. 
ttU alloy forming * chaadcal bond to th. body. 

riC. 1 i. a di.gra.atie «ro..-~ctlonal *~ of an i*>rovad di-ond 
or CBH h-at for a ..^conductor d-vic with a .ilv^irooniu^*™" ; 
«d molybdanum .upport mu**s a. tenia taught, 

ric. a U a fxag-ntary diagra-aatic cro.. .action at th. p.ri~t.r 

of a di»ond or CBN grinding vhael* - 

na . 3 .how. a «».. action through th. and portion of a cutting in~rt 
or tool bold.r with an alloy bondad dia««d or CBN cutting .l«-nt, and 

nG. 4 i. a p.r.p*cti~ «~ of a di-ond or CBH wir. drawin, die 
having an alloy bond to a «lybd«,u. or tung.fn .upportin, .tructur.. 

..chanically .trong. hi* th.r-1 oonductivity bond, bat-^n dia«nd 
or CBH and a aatal .-b.tr.to or .upport — »« ar. achi.v,d u.ln, a *X~~ 
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wqiMH-iitooilw br.alng alley with a high percent of .llvr at l.aat 
.xceeding 80 percent. Th. aet.l .ub.trat. or aupport mnfeer hu a ther«*l 
expanalon oo.Mlei.nt clo.ely matching that of diamond and CBN ao that no 
crack, occur In th. alloy bond up** cooling to roo- tamper.ture. and In 
particular 1. «de pref.rably of molybdenum or tungafn, or of oth.r m,tala 
.uch «• chronic. iridium, niobium, platinum. rh.nlum. and ttntal«. In th. 
•llver-baae alloy, a-ngan... and zirconium ar. active MUl additive, that 
react with diamond to re.pectively fro. carbide and .irconlum 

carbide and thereby obtain a chemical attachment at th. diamond .urfac. 
Similarly, mangana.e react- with CBN to for» manganese boride and nitride, and 
.irconiu. react, with CBN to for- airconlum bo rid. and nitride. In addition 
to forming a carbide with diamond. «angan. M U * -olvent for carbon and 
function, a. a .urfac. elauiae «g.nt. For good re.ulf, manganese 1. addad 
la th. range of 0.1 to 15 ate- percent, and airconlum in the rang, of 0.1 to 5 
.torn percent, th. balance baing .liver, the pr...nce of increaaing amount, of 
n-nganea. and rirooniua in th. allver-ba.. brazing or aolderin, alloy »«". 
la an iacrea-lngly lower thermal conductivity, and desirably only enough 
mMMM and airconium are u~d to aohi.ve chemical attidwit at the dia-ond 
or CBN alloy Interface. For exaaple, on. auitable eompoeition consi-t. 
•...ntially in atom percent of about 94 percent .ilver. 3 percent mangan.se, 
„d 3 percent xirconium. Thi. particular alloy compo.itioa ha. a melting 
temperature of about 955 *C. 

la order to avoid oxidation or nitration of the active manganese «»d 
rlrconiua component., bonding together of the diamond or CBS body and mstal 
.upport member at a ta.per.ture above the melting temfratur. of th. .Uvr- 
b^ br«ing alloy take. plac. in an oxyg.n-fr.. and nitrogen-fr~ .nvironment 
or atmo.ph.re. By way of illu.tr.tion, one auitabl. proca. for fabricating 
high taa.il- .trength and high thermal conductivity alloy bond, will b. 
describe* in detail, although other proceed, will be .vident to tno~ -killed 
in the art. In practicing the bonding procaa. a body a.lectod from th. 
group oon«i»ting of natural diamond cry.tal(a) , a aynth.tio 
diamond cry.tal(a), CBN cryatal(a). • diamond cor wt, and a 
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CBN compact can be used. (A compact is defined a* an 
aggregate of abrasive crystals bonded together either (1) 
in a self-bonded relationship, (2) by means of a bonding 
medium disposed between the crystal, or (3) bv mean, of some 
combination of (1) and (2)). 

in one example of the practice of the invention, the 
eurfac. of a natural diamond crystal was first cleaned with . 
molten eutectic etch oi lithium nitrata, sodium nitrate, and 
potassium nitrate at 650 «C. The diamond wa. then coated with 
the liquid silver-base alloy, held in an alumina crucible at 
1000'C, by dipping it beneath tha liquid surface for one minute, 
the previously mentioned 94 atom percent .ilver, 3 atom 
percent manganese, and 3 atom percent zirconium alloy was 
used, and the molten alloy was kept under a blanketing 
atmosphere of ultra-pure helium to avoid oxidation or nitration 
of the active metal additives. The alloy-coated diamond was 
then removed and cooled to room temperature. The thickness 
of the alloy coating was typically betweon one and two mils. 
The coated diamond was then clamped between two opposing, 
flat-faced molybdenum rods, and then dipped again into the 
molten alloy. Upon removal, no cracks occurred in the alloy 
bond upon cooling to room temperature. 

Measurements of the electrical resistivity of the 
alloy bonding layer or brazed alloy joint at room temperature 
give P - 7.05 x lO" 6 ohm cm, and indicate a thermal conductivity 
of K - 1.0 Cwatt/cm°K> at room temperature. This is a high 
thermal conductivity, substantially higher than obtained by 
use of other alloys. A diamondlalloy-molybdenum bond with an 
alloy thickncs of about 4 x lO" 3 cm and a cross— ctional area 
of 2 x 5 x 10 -2 broke at 1.7 x 10 9 dyne/cm 2 (25,000 lb../i*. >• 
A second similar bond had similar properties. Pieces of 
diamond were actually pulled out of the diamond surface when 
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the alloy bond broke. The tensile strength of the diamond- 
alloy-molybdenum bond is about six time* greater than an 
identically fabricated diamond-alloy-platinum bond using the 
saae silver-base brazing alloy composition, which by way of 
comparison brolca at a tensile strength slightly above 
4000 lbs/in. 2 . The tensile strength of a diamond-alloy- 
tungsten bond is also high and comparable to that of the bond 
to a molybdenum support member since tungsten has a thermal 
expansion coefficient even close to that of diamond. For many 
applications, however, molybdenum is favored in view 6t its 
lower cost. 

To further illustrate the practice of this invention 
and to compare its utility with respect to another braze 
alloy, brazing experiments were conducted with a preferred 
alloy composition of this invention (in atom percent! 94% 
Ag, 3% Mn and 3% Zr) and a silver-iirconium alloy as 
identified in TABLE I. 

TABLE I 

Sample No. Substrate Alloy. 

1 CBN compact Ag/Zr/Mn 

2 CBN compact Ag/Zr 

3 uirect conversion CBN Ag/Zr/Mn 

compact 

4 Direct conversion CBN Ag/Zr 

compact 

5 Diamond compact Ag/Zr/Mn 

6 CBN crystals Ag/Zr/Mn 

7 CBN crystals Ag/Zr 

8 Diamond crystals Ag/Zr/Mn 
The CBN compacts were comprised in weight percent of about 
80% CBN and about 20% al alloy and were made in accordance 
with the teaching of aforementioned U.S. Patent 3,743,489. 

The direct conversion CBN compacts were comprised 
in weight percent of 99+% CBN with minor impurities. 
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The diamond compact wa. compri.ad inweight percent 
or approximately 82* diamond and 18% Co alloy and was made 
in accordance with the teaching of the aforementioned 0.8. 

Patent 3,745,623. 

To teat the compact .ample., a piaee of the brazing 
alloy wa. .et on the compact .urfaca. With regard to the 
cryatal .ample., the alloy and cry.tal. ware placed in 
tantalum cup.. All .ample, ware placed on an aluminum oxida 
.upoort in the hot zona of an electrically heated tube 
furnace. The furnace waa flushed with dry argon ga« and, the 
.ample, heated under flowing aryon to 1103-1150 «C. Heating 
time wa. about one hour and the temperature wa. maintained 
above 1100"C for 2-3 minute.. The .ample, were cooled under 
flowing argon to about 500 "C. 

Both the CBN and diamond cry.tal. .howed much batter 
coverage with the Ag/Zr/Mn alloy than the CBN cry«tal. with 
the Ag/Zr alloy. Becau«e the Ag/Zr/Mn alloy al«o wetted 
and flowed bet tar over the tantalum cup than the Ag/Zr alloy, 
the re.ult. could have been influenced by the differen jw 
propartie. of the alloy, on the tantalum container. 

With the compact sample., both type, of braze 
formed melted and reaolidified a. bead, on the compact 
.urfaca.. Attempt, were made to di«lodge the bead, by hand 
preaaure with a carbide pencil. Only the Ag/Zr bead on the 
direct convention CBN compact could be "popped off" the 

compact .urfaca. 

Microscopic observation, ware al.o made of the 
contact angle "if" between the braze beads and the compact 
.urface.. The contact angle i. defined a. the interior angle 
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between tha bonded surface ar-d the tangent to the braze head 
at the point of contact with tha bonded surface. 

A contact angle of 0* would correspond to complete 
watting and 180' to no wntting between the solid (compact) and 
(braze) materials, i.e. a smaller contact angle indicate, better 
wetting and bonding between the two materials. 

In TABLE II, the contact angles for tha various 
braze/compact combination, are classified according to contact 
angle, of greater or lass than 90 • a. determined from micro- 
scopic examination. Tha angles in parentheses in the table 
are visual estimate, of the contact angle.. Also .ummarixed 
in tha table ara tha results of tha disloding attempt.. 

TABLE II 

, _ Bead Removed by 

SM, ^ABli i Contact Angle Hand Pressure 

1 <90 (60-75) No 

2 1/90 (90) No 

3 <9Q (60-75) NO 

4 >90 IT 1 135) *•« 

5 <90 (60-75) No 
Prom the above results, it is concluded that under the 
experimental condition, used in the brazing experiment, 
(dry argon atmosphere) i 

1. Tha Ag/Zr/Mn alloy wet. and bonds well to CBS 
compact is .ingle phase CBN no alloy binder phase) . 

2. Tha Zg/Zr alloy does not wet or bond wall to CBN. 

3. Both tha Ag/Zr/Mn- and Ag/Zr alloy, wet and bond 
alloy to CBN compact., which contain an alloy pha«e. However, 
the Ag/Zr/Hn alloy form, a batter bond than tha Ag/Zr alloy 
(from observed contact angle.) . 

4. Tha AZM alloy wet. and bond, wall to diamond 

compacts . 
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«l— .« « product, incorpor.tin, tb. bi,b t*.™l 

Mn du=tivit, bo»d • " « ~ * Pl "' U ' y t 

o£ or « bodl.. - • — " — " " — 

; I0 . x .„«-. . «— ~ - ~. — » 

c . ..riot, .« P~.r .«aoo„duoto, — -ludin,. * 

A »«M1 or «»tb.*io di-°» 4 " « •° b " 1 '" " 

* „ . . „ . mt .olybdmu. .ub.trmt. 

l„.r tut -jor .urf.c. bond- to . » 

u .»t« 10 1. «l»o d..ir.bly provide wl-b » " 
,ub.tr.t. 10 .^conductor 
>„. .llo, bondin, l.y.r 13 for bondin, . bod, 

„ MC1 .i i, - - — — «- ~ "T" t «..« 

^ „ «. b. . .inductor .ub.«.t. or * d.vlo. 
» « of tb. bi,b th.r«l oonduotivity* tb. .ub.tr.to 10 
„, ^ boodin, l.v«- or br.,.d :ol»t.. b«t ,«-r.»d by 
.^ccnduc^or d.»ic. U .»i=i«tl, conduct-d to 
.olybdenu. .«b.t»t. U ~d di..ip.t-. - — « 
„ „.t.l b..t .in* can b. .*i«t- u.in, proc... 
, w lou.ly d-crlbod lb ..ob ^-^J, 
*ir.« dlppl 1»» lipoid ~~ 

. re. — - - - — 1 • Ub,tI *"' "f tt 

^dlppod M tb. U,uld .llvr-b... -W- — ooolin, to 

H lp.r.tur.. — o« • — 

IUC b ... tb. .id- o £ tb. dia—d or CBH .ub.tr.to. «n b. 

« mi .tt.«ta.t. wa-r .uiwbl. pro=— 
rraovod u.ino «» appropriate 

« ^IcaOn, *. dia«nd or cm alloy-fl bond .t or 
^ a . -Itin, -r— « ot tb. ^ -U* i» « 
w ,„- t r M »d nitro,«- t r.. .«..pb.r. ibvoiv. tb. 
o£ „ ^tr-bi* v«»u» .y.«- -b »• • blob t««.t«r. 
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chamber or vacuum chamber. The surfaces to be joined can be 
coated by using a sputtering technique and then clamping together 
the coated diamond or CBN and coated metal support member to 
make the brazed joint. Employing the high vacuum system, the 
silver-base alloy alternatively can be used as a regular 
braring alloy assuming its provided in thin sheet form. After 
cleaning the diamond or CBN and metal surfaces to be joined, 
the part, are clamped together with the thin sheet of alloy 
in between and then heated above the melting temperature of 

10 the silver-base alloy. 

FIG. 2 shows a fragmentary cross section turough the 
rim portion of a diamond or CBN grinding wheel. The entire 
wheel or only the rim 15 thereof is made of molybdenum. A 
plurality of relatively small diamond or CBN particles 16 
are distributed over the surface of the rim portion of the 
wheel and bonded thereto with a silver-mangaaese-zirconium 
bonding layer 17 having a composition as previously given. 
A suitable process is to first coat the diamond or CBN particles 
15 with the silver-base alloy, coat the surface of the rim 

20 portion 15 of the metal wheel, and then clamp the coated 
diamond or CBN particles to the coated rin while applying 
heat to form the bond. The advantages of the high tensile 
strength and high thermal conductivity bond between the 
abrading element and the metal wheel or support member are 
evident. 

FIG. 3 illustrates a cross section through the end 
portion of a metal cutting insert or tool holder 18 with an 
alley bonded diamond or CBN cutting element 19. As is evident, 
cutting tool elements of this type used for instance on a 
30 milling machine or lathe, generate, considerable heat during 
metal removal operations and requires a strong bond to the 
tool holder. The strong, high thermal conductivity silver-base 
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bonding layer 20 between the cutting tool 19 and metal support 
member 18 result* in an improved product. FIG. 4 shows a 
diamond or CBN compact wire drawing die 21 with an alloy bond 
22 as herein described to a molybdenum or tungsten support 
member 23. The strong bond and efficient heat removal 
likewise result in an improved product. 

While the invention has been particularly shown 
and described with reference to several preferred embodiments 
thereof, it will be understood by those skilled in the art 
that various changes in form and details may be made therein 
without departing from the spirit and scope of the invention. 
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The embodiments of whe invention in which an exclu- 
sive property or privilege is claimed are defined as follows t 

1. A process for fabricating high tensile strength 

and high thermally conductive alloy bonds between a body selected 
from the group consisting of diamond and CBN and a motal 
support member comprising the steps of providing a body selected 
from the group comprised of diamond and CBN and a metal support 
member having a coefficient of thermal expansion substantially 
matching the coefficient of thermal expansion of .aid body 
and being made of a motal selected from the group consisting 
of molybdenum, tungsten, chromium, iridium, niobium, platinum, 
rhenium and tantalum, and bonding together -aid body and metal 
support member in an oxygen-free and nitrogen-free atmosphere 
with a silver-base brazing alloy consisting essentially in atom 
percent of 0.1 to 15 percent manganese, 0.1 to 5 percent 
zirconium, and the balance silver, and cooling to room temperature, 
said alloy farming a chemical bond to said body. 

2. The process according to claim 1 wherein the bonding 
step is performed by dipping said bc-ly into liquid silver-base 
alloy heated to above its melting temperature and maintained 
under an oxygen-free and nitrogen-free gaseous atmoaphare, and 
removing the coated body and cooling to room temperature and 
clamping tog J the r said coated body and metal support member and 
dipping the assembly so formed into the liquid silver-base alloy. 

and removing the bonded coated assembly. 

3. The process according, to claim 2 further including 

the step of removing unwanted areas of solidified allver-ba-e 
alloy from the surfaces of said bonded coated assembly. 

4. A product comprising a body aelected from the group 
comjrised of CBN and diamond as a metal support member having 
a coefficient of thermal expansion substantially matching the 
coefficient f thermal expansion of said body and being made 
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of a metal oolected from tho group consisting of molybdenum, 
tungaten, chromium, iridium, niobium, platinum, rhenium and 
tantalus, aaid body bonded to said metal support member with 
a ailver-base alloy bonding layer consisting eaaentially in 
atom percent of 0.1 to IS percent of manganese, 0.1 to 5 
percent of zirconium, and the balance silver, said alloy 
bonded chemically to said body. 

5. A product according to claim 4 wherein said support 
member is made of molybdenum and .aid «ilver-ba*« alloy bonding 
layer consists essentially in atom percent of about 3 percent 
manganese, 3 percent zirconium, and 94 percent silver. 

6. A product aa defined in claim 4 in the form of a 
semiconductor heat sin*, said metal support member being selected 
from molybdenum and tungsten, said body being bonded to said 
support member at a first major surface of said body, said 

body having a second major surface opposed to said first major 
surface, said second major surface being adapted to be attached 
to a body of semiconductor material. 

7. a heat sink according to claim 6 wherein said 
motal support member is made of molybdenum and .aid silver- 
base bonding layer consista essentially in atom percent of 
about 3 percent sanganese, 3 percent zirconium, and 94 percent 
silver. 

8. A product aa defined in claim 4 in the form of a 
grinding wheel, said metal support member being .elected from 
molybdenum and tungsten and comprising at least a ria portion 
of said wheel, said body being in the form of particles. 

9. A grinding wheel according to claim 8 wherein the 
rim portion i« made of molybdenum and .aid silver-baae alloy 
bonding layer consists essentially in otoa percent of 3 percent 
manganese, 3 percent zirconium, and 94 percent silver. 

, Raymond A. Kclcer«ley 

1 J 1420 Dupont Street _ 
Toronto, Ontario f< 
patent Agent of the Applicant 
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